I. INTRODUCTION
Vehicular networks have been strong interest on research in recent years. This type of networks has many application in real-world scenarios such as provide services on rural places and regions [1] , supply rescue teams a method to help its communications in a catastrophe hit areas lacking a conventional communication infrastructure [2] .
Vehicular ad hoc networks (VANETs) [3] are one approach of a mobile ad hoc network (MANET) [4] where vehicles are used to carry data information and it is transmitted between them. One characteristic of this network is the rapid topology change. Delay -tolerant networks (DTNs) [5] are another vehicular approach centered on implementation, design, evaluation, and application of architectures and protocols that expect to enable data connections among heterogeneous networks in extreme environments.
Recently, vehicular delay-tolerant networks (VDTNs) [6] [7] were proposed as alternative network architecture for sparse vehicular networks. VDTN architecture also adopts the DTN store-carry-and-forward paradigm. Nonetheless, VDTNs follow different approaches in comparison with DTNs by positioning the bundle layer between the network and data link layers, assuming out-of-band signaling with separation between control (BSC -Bundle Signaling Control) and data planes (BAD -Bundle Aggregation and De-aggregation). VDTNs have a data unit called bundle, similar to DTNs. Bundle is created with datagrams aggregation at the incoming terminal node.
The remainder of the paper is organized as follows. Section II describes the proposed aggregation algorithms while their performance evaluation through a testbed is presented in Section III. Section IV concludes the paper and provides directions for future work.
II. AGGREGATION AND DE-AGGREGATION ALGORITHMS
The aggregation process consists in put datagrams generated from network layer with common attributes (such as, same destination) on a greater data packet. In VDTNs, this data unit is called Bundle. Before a bundle is created, it is forwarded to VDTN until reach the destination node. On destination node, the received bundle is deaggregated and withdrawn the original datagrams. This process is very important in VDTNs because the proper way to aggregate the proper datagrams reflects a better network performance.
VDTN aggregation and deaggregation algorithms are inspired on other network paradigm called Optical Burst Switching (OBS) [8] . Basically, in OBS burst assembly is the process of aggregating and assembling packets into bursts at the ingress edge node. Figure 1 illustrates the mechanism of the bundle aggregation process in VDTNs. In this case, incoming datagrams (IP packets) arrive at the Routing Module that distribute in function of their destination node and places them in the correct Bundle Assembly Module (BAM). The number of BAM is equal to number of possible destination nodes in network. Based on the assembly mechanism, data bundles are generated at this module. Datagrams are aggregated in bundles based on main two parameters: timer and threshold values. In timer-based algorithms, when this timer expires, the bundle assembler generates a bundle with all the packets available at the Bundle Assembly Module (BAM) at that time. Three algorithms based on this value are considered. Fixed-Assembly-Period (FAP) implements the process described above, Adaptive-Assembly-Period (AAP) change the timer value of any BAM according to the length of last created bundle, and Min-BundleLenght-Max-AssemblyPeriod (MBMAP) is based on two parameters: maximum assembly period (MAP) and minimum bundle length (MBL). This algorithm creates a bundle when its length exceeds a MBL or the MAP times out.
The threshold-based algorithm (TBA) considered generates a bundle when the number of datagrams in BAM reaches a predefined threshold value. So, this value sets the maximum number of datagrams in a bundle. Bundles generated with this policy have exactly the same number of datagrams, although the bundle's size changes according the size of datagrams.
In this work a third aggregation mechanism is considered. This mechanism is called a hybrid algorithm. In this algorithm threshold and timer values are used on the same time and a bundle is generated when the threshold value is reached or timer parameter expires. When one value is reached, a bundle is created.
The previous algorithms take place in source terminal nodes where bundles are generated and sent to VDTN network. So, when these bundles reach the destination terminal node, is necessary to disaggregate them to obtain the original datagrams. These datagrams are sent to above layers or forward to external network if an external link exists.
III. PERFORMANCE ASSESSMENT
This section studies the performance evaluation of the above-presented VDTN aggregation algorithms. In follow results will be presented the impact of this algorithms on average aggregation delay and generated bundles average size.
For all the tests, datagrams are generated in the time interval of the 0.5 up to 1.5 seconds, they have random destination terminal nodes and its size is uniformly distributed between 250 Bytes and 1.5 Kbytes.
A. Timer-based Algorithms
The study starts with the performance evaluation of timerbased algorithms. Figure 2 presents the average bundle size as function of timer value parameter, for 0.5 to 4 minutes. For the hybrid algorithm, it is considered the threshold value equal to 100. For MBMAP the minimum bundle length is about 4 Mbytes. As may be seen, it shows that Hybrid Algorithm, with a threshold value equal to 100, presents the best results in terms of average bundle size, across all the timer values. 
B. Threshold-based Algorithms
This subsection analyzes the performance evaluation of bundle assembly threshold-based algorithms. Figure 3 shows 
IV. CONCLUSIONS AND FUTURE WORK
This paper focused on performance and evaluation of different aggregation mechanisms for Vehicular DelayTolerant Networks (VDTNs). Fixed-Assembly-Period, Adaptive-Assembly-Period, Min-BundleLenght-MaxAssembly-Period, Threshold-based, and Hybrid algorithms were proposed. The main objective of this work was the evaluation of above-described algorithms and finds the best mechanism to improve the performance of VDTNs.
It was shown that timer-based algorithms should be considered for low timer values in order that the bundle size is reasonable. The threshold-based algorithm presents the best result when the threshold value is low. In conclusion, the hybrid algorithm is the best aggregation algorithm when the timer and threshold value are combined.
This work intends to provide a starting point for future studies on new aggregation and de-aggregation algorithms for VDTN networks. The study may also be extended in the future, considering network scenarios with different classes of traffic and priorities, supporting Quality of Service (QoS). Other point of interest is the impact of each aggregation algorithm on deaggregation mechanism. Is important to know the delay caused by the deaggregation mechanism. 
